SINCE Takeuchi in 1909 discovered that the soy bean contained urease in an easily available and very reactive form, many investigations have been made into the question of the mechanism of the hydrolysis of urea to ammonium carbonate by this enzyme, and several attempts have been made, on the basis of the now widely accepted view that the same enzyme which provokes hydrolysis must also produce synthesis, to show that urease is no exception to this general rule.
but he has been unable to find any evidence of the formation of urea from either ammonium carbonate or carbamate, and comes to the conclusion that the normal method of zymolysis of urea is by way of cyanic acid and ammonia, the former being rapidly hydrolysed by the solvent into more ammonia and carbon dioxide. Mack and Villars [1923, 1] have also isolated cyanates under similar conditions, but bring forward evidence [1923, 2] to show that when commercial urease is added to a very strong (10 N) solution of ammonium carbonate and carbamate at 550 (the optimum temperature for urease), small quantities of urea are produced and can be separated as the dixanthyl compound from the reaction mixture. They do not state whether any control experiments with heated inactivated urease were carried out, but find that a control without urease at the same temperature gives a very small precipitate with xanthhydrol.
There is no inherent chemical difficulty in the idea of the formation of urea from ammonium carbonate or carbamate. Lewis and Burrows [1912] showed that even at as low a temperature as 770, on heating ammonium carbamate or urea in a sealed tube equilibrium was almost reached, after 95 days, at 1 % urea 99 % carbamate-carbonate. This same reaction at a higher temperature is described in a recent patent of the Badische Anilin und Soda Fabrik [1921] [1918, 1920] Lewis and Burrows' [1912] method. During the extraction the PH slowly increased, ending at 8-6-88, owing to loss of C02 from the solution.
Urease. Urease was prepared by two methods. In the earlier experiments it was obtained by extracting freshly ground soy bean meal with ten times its weight of 03-% KH2PO4 and allowing to stand for ten minutes. The mixture was then filtered through paper, allowed to stand for at least half-an-hour, and the activity of the urease was tested using a standard buffered solution of urea. It was then filtered into the dropping funnel shown on the left in the diagram, and covered by a layer of butyl alcohol to prevent any slight risk of bacterial contamination. Usually 20 cc. of the enzyme solution was used for a day's (8 hours) extraction, the liquid being added in 1 cc. portions at intervals. This procedure was adopted owing to the fact that butyl alcohol plus ammonium carbonate slowly destroy the enzyme.
Onodera [1915] REVERSIBILITY OF THE ACTION OF UREASE trials the inhibitory effect of large concentrations of butyl alcohol was confirmed. Some idea of the relative activity of the enzyme before and after the experiment was obtained by noting the times taken by strictly comparable dilutions of the fresh enzyme and of the enzyme from the reaction mixture to change the PH of a standard buffered solution of urea from 7-0 to 8-0. After a day's extraction the activity gauged in this way was diminished to one-fifth or less. Some of this effect was due to the ammonium carbonate, which on standing with urease for eight hours was found to diminish its activity, as previously observed by Barendrecht and others. In the later experiments urease was prepared by Van Slyke and Cullen's method [1914] by two precipitations with ten volumes of acetone. The criticism that the urea found might have been present in some protected form in the cruder preparation could not arise in the case of this purified urease. 0-5 g. of the solid, dissolved in 20 cc. of distilled water, and filtered through glass wool was used for each day's (8 hours) extraction.
Methods of detection and analysis of urea. At the end of the period of continuous extraction, the stop-cock leading to the bottle B was opened and the butyl alcohol remaining in the extraction flask was distilled into this bottle until the flask was almost dry. The pressure was then released and the contents of the flask washed out with three washings of absolute alcohol into a small evaporating basin. The alcohol was evaporated on a water-bath and the dry residue washed three times with boiling chloroform. This removed most of the colouring matter which had come over in the butyl alcohol and left behind an almost colourless residue which was then extracted three times with 10 cc. of boiling acetone. The filtered acetone solution was evaporated to dryness, and the very small quantity of crystalline residue contained any urea which had been present in the extraction flask at the close of the extraction period. In later experiments it was found that the chloroform always extracted, together with the colouring matter, a trace of urea which could be detected by xanthhydrol precipitation but which was insufficient to weigh.
Two methods were used for the detection and estimation of the urea in the acetone extract.
1. The well-known method, by which the PH of an indicator solution is changed to the alkaline side when urease of a known PH and urea solution at the same PH are added together and warmed to 370 for a short period, was extended to work with very small quantities of urea as follows:
A phosphate buffer mixture (M/15 KH2PO4 and M/15 KNaHPO4) was made of PH = 7-0, and 0-1 cc. of this was added to each of a series of tubes containing 5 cc. of dilute solutions of urea of different, known strengths with 0-5 cc. of 0.01 % phenol red.
Urease was prepared by diluting 5 cc. of the soya bean extract with an equal quantity of water, and adjusting the PH to 7-0 with a few drops of N/50 NaOH. Of this enzyme solution 0-2 cc. was added to each of six tubes containing urea, the PH immediately noted, and noted again at intervals. Armstrong has shown how very specific the action of urease is, and this definite change of PEI after the addition of urease is convincing evidence of the presence of urea.
The advantage of this method was that it was possible to follow it by an estimation of the amount of ammonia produced from the synthesised urea by the enzyme, using a micro-Folin apparatus. Potassium carbonate was added to the reaction mixture and the ammonia liberated was aspirated into N/100 H2S04 and titrated with N/100 CO2-free soda in a C02-free atmosphere using methyl red as the indicator. The serious drawback was that half of the solution of urea had to be reserved for a blank determination with heated enzyme. It was always necessary to do this, as the blank gave from one-third to one-sixth of the total amount of ammonia produced by the active enzyme.
2. Xanthhydrol was used in the later experiments for the detection and estimation of urea using Nicloux and Welter's [1921] gravimetric modification of Fosse's well known method.
The acetone solution of urea obtained from the contents of the extraction flask in the usual way was evaporated to dryness and the minute crystalline residue dissolved in 2 cc. of water and filtered. The filter paper was washed with a little water, and to the 3 cc. of urea solution thus obtained were added 5 cc. of glacial acetic acid and 0 5 cc. of a 10 %'solution of xanthhydrol in methyl alcohol. The liquid was shaken and allowed to stand at room temperature for ten minutes, when a crystalline precipitate could be observed uniformly throughout the tube. This began to separate, and after two to three hours the liquid was filtered off through a Neubauer micro-crucible and the dixanthyl urea washed and dried as described by Nicloux still contained a little pigment. On heating in a small dry tube, ammonia was given off, but as this reaction meant the disappearance of the yield of 18 hours' extraction it was not repeated.
DISCUSSION.
It has been established by these experiments that urea may be extracted from a solution containing active urease and ammonium carbonate-carbamate mixture, but not under conditions in which the enzyme is destroyed, or in which either the ammonium carbonate or the active enzyme is absent.
Control experiments as indicated above have shown that the urea doesnot come from (a) ammonium carbonate + carbamate alone; (b) the enzyme solution alone; (c) the enzyme in presence of another ammonium salt; (d) the inactivated enzyme in presence of ammonium carbonate and carbamate. The control experiments also negative the possibility that the urea found is derived from the oxidation of the butyl alcohol in presence of ammonia to cyanic acid and the transformation of this substance into urea [cf. Fosse and Laude, 1921] . A solution of ammonium sulphate made alkaline with ammonia in presence of active urease was found to give no trace whatever of urea under the same conditions of,experiment in which ammonium carbonate gave easily recognisable quantities.
A fair summary of the situation with regard to the various reactions which may theoretically take place during the hydrolysis and synthesis of urea is given by Mack and Villars [1923, 1] , and the experiments described above fall most easily into line with the conclusion of these authors that the reaction urea _ ammonium carbamate is the one catalysed by urease and not the reaction urea ammonium cyanate, or urea cyanic acid + ammonia. In the latter case it would be necessary also for the urease to catalyse the reaction cyanic acid + ammonia F ammonium carbonate which, as has been known for some time [Walker and Hambley, 1895] , is a very slow reaction in alkaline solution even at 690, and at equilibrium only gives about 4 % of ammonium carbonate. The great rapidity and the completeness with which urea is hydrolysed by urease would therefore seem, in themselves, to put this explanation out of court.
Further experiments are being carried out in an endeavour to throw more light on the mechanism of the action of urease.
SUMMARY.
Urea is produced in very small quantities during the action of urease on a mixture of ammonium carbonate and carbamate in strong solution in water, at room temperatures, under conditions which preclude the formation of urea by any other means than enzymic synthesis. The action of urease is, therefore, reversible.
